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FIFIAR G FNEE B 7 22V HERf M AN 22 S v
e BAR R P A E A R . SCERL 15 ] SR A
RFIE TS B B KO DG K AN B 43 2 Ak
fEo

DL ESRmg e T R R R R F AT
FEVERSE AR ; BT UL ik v, i A S e =i
REEXMELIR B4 R B, HLR & =48 R a) &2 4%
BERS s AHXS T &, R T HE P B ik B i o . AR SOy
TR EETHE T B R A e A KA
FRELE LR EAR T B R BB 4 AR ML ¢ |,
DABCHE P 55 RORE e /N TUAR I S A U A T SR R
SyAAR TR ER , DRBE T 43S A MER A S F

1 &AM R &N TR

B KA LB /DN IUA B ¥ ( maximum relevance
and minimum redundancy, mRMR ) J2 F F %5 1iF 16 £&
(2 L A B T BB R AR 5 E AR5
] A EAR B (FHSCIR) , AR R TSR IR AR 5 © 24y
AAEIA] PR AR S (TUARTN) , 8 3 AR DG T 25 TR
TG BB FHE R mRMR 235, SR 5 A 15 2L 45
fEP B BUR R A B 74

4D =[d,d,, -, d]" HEEEARE, B4
A —A> p dE 1] A A, Hoh B A ST R RO IZ
BEARM—AMRE, BT d, = {f1, f2, =, fol o AR
YIRS F = {f,, fo, -, [, .S NEWERIETE; f,
e S HEIEHRHLE, f; € F - S HTFRLRHE; 1 385
I(+) RHEAFH . #¥& mRMR #9848, f ) mRMR
vix O]

mRMR(f) = 1(f;3 1) = =7 X 15 £) (1)

fie$
FTEBEREE m NIMAFEE S BRHER T 2
[ = arg;relglzcstMR(fj) (2)
2 ImRMRSEC

AR SCHY L T — P T U R R R B/ NTTAR A
BB B 4E i 47 25 88 (improved mRMR-based se-
lective ensemble classifier, InRMRSEC ) , & 4% | F

Bootstrap SRA¥ 15 2| A [A] Y1l 25 48 I I 25 — 4k 4y 26
% R EEF Ut mRMR SEREHR 4y B 40 2588, IR
R AN ZHE RN TEE RN, B 25 o1 2
A X B UE AR B N 45 SRR A AR BB B — A4
AiE , SR JE THRARAAE 5 50 TR 52 BRI Tl i AH O 1 K
AEM] B TUAR BE, e ) B AR AR 2B A T4, W T
mRMR 777 i 7], AR SCTEAH SCHE B2 & TU AR M 2
AR BT, AT ERE, AT
FHRAE” 8 A FE 00 2L AR X REAS O TR 2 5]
2.1 BXHMEE

&4t mRMR FP AR SCHEI B2 R I EA5 B, 763
0 A7 RN [A] o A A 0 e 40 A By, L HCAE
ARH—A . it —Fhid 32 /) mRMR 55
2, ST A B AR B [ A B, Pearson £
B BEE £ Fisher 58" 45t v FH T EE
AR, A A YLk s, Horp Fisher 544 {7 H1/H
AN BEFH AR AL B [A] B AR AR AR B, Pearson A G5
BOUE T RIES M A& H R ey & LAk
PR, BEES I 22 AN H — LR R B TR B AR G
Z %1 (distance correlation coefficient, DCC) & —~1f
MIERE, DCC iE i P 722 B[] B R 5 4R AIE R £l 5 22
BHPRRRIE SR AR ZEE 2 I BB . HATR 2R
AT R B i, RE DTl A 7] 4 40 ) 728 2 [A] A 26
P R AR R MR M, B IH— LB R 8, A B Y

HEH,
PiAs R X, Y (Al A BE B A 56 R B0E LR .
deor(X, Y) = deopl X, ¥) (3)

deov(X, X)decov(Y, Y)
K, deor( ) HFEBAHICREL, deov( +) HEEE )
T5 %, Hg L

deor® (X, Y) = j| Fe v(t, 5) = £ (8) fy(s) | *wdeds

(4)
Hrp, f(+) R4S s FE R A o 2P KA,
HRNR
w = (c,c, | tll”’l sl}lw)'1 (5)
Fe A 07 T 2 SRR B M OC R AL, 5
B I, A e 05 T R R S 22 [ ) A G
R T 0 DMREA B N LA B X A
Y ARSCHAN T 7 X B A R



ERHAMI 202241 H $32% H1

BB A R AT IR A @ F b

ay; = | X, - X, | k, [ =1,2,=,n (6)

by = Y, -Y, | k,l=1,2,,n (7)
Horh, ay, RSEME a T kAT LBIMTE, b, RIEL,

ST R HE B A AT 0 AL b B, 1
b BB A R B, AR N

Ay = ay -a, —a; +a_ (8)

By =by~b, b, +b_ 9)
K1, A, By, WENEA B B k4T LHITE, a,
Sy a 55 LB, a, o a 55 kA9 TH9MH,
a_ K a WFME, b, b, b AL D

n n n n
— 1 — 1 —
a; = Z Ay Ap, = E,a’kls a4 =g E, Ay
n = no= n

o 1 il o 1 n o 1 n n
b, = ;I;bu, b, = ;;bkl’ b, = n_zz zbkl

B3 AR I deov(X, Y) | HEE T
% dcov(X, X) .decov(Y, Y),

1 n n

deov(X, Y) = —22 ZAlekl (10)
n” =1 =

deov(X, X) = LZZ zAil (11)
(s |

deov(Y, Y) = LZZ ZBil (12)
s

FE,4 X (10) ~ (12) HFAK(3) K #
AR EE X MY BEEES AR R L deor (X, Y) o

DCC AHEZ AT SC R B LU R IEE

(1) A ERR KA R Rt

SRR R BT RARBP AE RRI B 5 22 5 4%
HIT 2. MRS, T 2R IT 2 1E
LB, T REAL AL B 7 22 R IAFFAE . DCC Y
TE R B AR B R pR B, A TR RE AL AR B AT 4
fE PR, X BT UG DCC,

(2) MZEREYEEON T Z A

WAL &, 5 22 it A ARk mE N,
DCC RAEFE N, BT DL SLAR OC R B BRI AR &
YR ZFARTR] , DCC E SCAEAE YRR AL B[]

(3) AR AR SRR B

DCC E S A i A T pR 080 A 8 5 7T B o
TE X Y BB B /N, 7T AR ek E 2l DCC IR 4k Ak

ZRHLRROC Z B, AT 2k 23405 AR e MR A DG T EE O
Jo
22 nRUEE

SCHR[21 133, PR TUAR R B 4020 A A R TT AR
RIRIURIE R o MRITCRIBFFESE T BHE R H br
FAE B, TR TUARAR FRAIE 2L [R5 H 5 2851 o
KEMEE. 2 fi AR, £, f; TRk
fiE 1 R BFRZE5 o I Venn Bk fa] AL RRAE #5 1
AR B RARHEZ [ B CER , a8 1 BTs o

B 1 45EEXZE Venn B (r; £ )

XNFf G, rn BHERITR, rn BERITR,
XFFE 45 R B e E f, KRBT, f, hifk
3 FHZAER (3 xrs), fs #5414y () o FI
M5 mRMR 883k, f, | f; B mRMR 22800

mRMR( f,) = (ry +3 xr5) —=(r, +3xr;) =0

mRMR(f;) =r,
B2, ry X 3ZTEH B, AR f, 5 1 ZIRIAE
fFE. MBFZ, M THRRIIRNFTE, BIEZKT £
FOR B4 00 f, #5040 19 B AR 280045 2, DA AR 4
mRMR 7348, SR MR f; IIA T4

SHEBRTCIRTCAR BIFE A, AR S5 A 25 5 1TE 38
4. ( Gram-Schmidt orthogonalization, GSO ) B 1k, F i
FEAE A SN AR 1 32 1] R AR )

GSO BH e a Bk — MTFH1
T RRHESR F,H XA IESAFESE R O =
{o,,+,0,} . 7 GSO I #2, o, AT I=ik15

o, = [ (13)

oi:.ﬁ_i(ﬁ,Ok)

(/]
= (o,, 0,) k

1 =2,3,,p

(14)
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X (14) T, EHEMIEL W RS, f, 2= AR
AR B B SR L, X e &
XFRTUARAR Bo WAL, B F GSO iR J&xt A 248 & i
TTE A A8 e, BT LAAS £ 0 3R 506 R AE 09 43 A 1R
®’

RHE GSO WK S, = {fi, o, fuud £
EERREEE, T — MR e f,, W S, = {fi,
Losers Fusrs Ful o FIH GSO 3K S, SEANARME IE 3E 7]
®E, MEBRIT.

S| b, FAR(13) K(14)H3E S,
REEMIERZ M ERA 0, = {o,,, 0,1},

$B,2 bk, ¥ 0, HRILE BN, 53]
W R ERPREIERR R E, = e, ,e,],

PR N R
Yo e

23t GSO, Ry BEAFAE 1 55 A0 s v 1 52 ) 52 AH X
TEERFEC A E TOA, BT LUE R 9 5540 A v
TEAZ ] AN T 25 1 A A 1) 2 55 A2 01 A A G
PRI, SRR 1B O RRAE O 365 12

§, = arg rj%lf;(dcor( T 1) (16)

, m (15)

5. S ar%:g?;(jfor(GSO( e 8gr ) s 1) (17)

B VR T 5 A PR RETE A R ECH

J = docr(GSO(S,,), 1) (18)
2.3 #FAK

&4 mRMR SE7E 38 R T — R AERAIE R
JH P31 i 18] 368 ( sequential forward selection ,SFS)
SFS W tr iy B M RHE TR BN = 4R, [ Rk AU
A EE AR 35— ol P RS A MRS B (B 7
TEMMA B T4, H 2 P fe ik $055 T8 € FHIE
AP BRI RBEIRAE R B, B S
BRAFAE , J5 22 A8 Zoad BE A O B AR AE

Y AR SFS 1 Bikd , AR SCH AR 51 P Sl HT )
% $& ( sequential floating forward selection, SFFS)
SFFS FEAFUCE A 32 2 e A1y 1] 28 £ AVRRE [9] 3 20
o BT ERERIFRE SFS it A% ; RRAE |19 6 2 38 1
B P PERBRL 2 O RRAE S B , i /5 B4 R B B0 S AL R
fERERE R . Sk RBIT

(1) MR ERE T S = O; HARFESK
s i bR e SFS DA 1B AR AE 7 5 R R A

J(S,) BRI £, Wi B EAEN L E = 15
while £ < s

(2) A B SR F b o SFS Mg i 14 Hh ik
B f, 015 J(S,) BURKME;

(3) FAERI . a8 S, , AP AR IR 2 38—
R B S, ARFEEDRIEME J(S,) =
J(S,), MIKHGIBR, gk [ 8", , R Bk
B, k =k + 1, IHEERILHR(2) .
end
2.4 ImRMRSEC i

BN FEABIEED  HAPREF e R™, 2511
e R™; BOMHERABUN; LI 5

i AR U e AR TN

T FRABAEM

(1) ZETUINZEE D, ,» FIH Bootstrap RAEFFH
N YNGR R R TEIX — B I 2R B IRk oy
K, EHC = le, ¢y, et

(2) REFZEER(1) HHYES C kKRR
W, RER N PV = {pv, pvy, -, pyyio

FE2 Foeaviisr

(3) WEBEEDPLBRERN S, HS S=0;

(4) ZETHES PV, FHAG) A H pv, 5H
PRI 22 ] B AR DG , T SR B v 20 O L Y 73 2 4%
Uik, ¥ o, BB S o MHT, S, = {¢,}, B1EEE
DRI m = 1;C, = C - ¢y

(5) I SFFS AR i ek S 2K 2% -
while m < s

1) ff fitn E SFS &R C,., B IERAFH
A (17) BFEF A IFiC T T I AP REFE AR E 5

2) W S,, N B ISR —A T £ R
S ot BIRLAFAET(S ) = T(S,) , MR 1),
Hem =m+ 1, AWRAEIEER, BUHET3) 5

3) gz ', , IHZE UM BR— TR AL
BEIRBAFAE J(S' ) < J(S,,), WERE 1) I
28, =8, BNEEHT3), BB m =2, R
JEIRIE 1) o
end

T3 FERGSEM

(6) FTHE S TR S I M AR AEA

— 43 —
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KA, R 5 1 PR 22 B SR AR s TR 45 2R
2.5 HEEERESH

(1) HERprBe

B R oA AR B M SR 2 B R T, , T
A LB B N TR) A2 2 B2 NT, 5

(2) PR B

TERERT Be iy ) 8] 52 2% B R ply 4 A2, B
DCC 35 HEfp it #2 .GSO FI SFFS,

1) DCC.HHEPIFEA R A n WA & A DCC [
B IER O(n®) 5 XHF N ABHE, Yok HE vk 1)
IR 24 O(N log,N) o BT LIZEBR (4) iy A] 52
Z%BEk O(Nn® + N log,N) (19)

2) GSO: 41 N A~ n 4w & S MR e IE AL 7]
BRI R E 2R O((N - 1)n) ;

3) SFFS:Him AN EIEZ 2L R O(N) , FF
fE W33 A EEES S, BT S| < s, BUFE
[a] 3 By A 1] 42 24 B b AT O (s) P

2R 1).2) 3) AN, ZEPRIEFREE m + 1
ANEESY AR, SRR R I A 2 2R R
O((m+1)(N-m)[nxm+n" +1log,(N-m)])

(20)
HFm<«NHm <n, i ERXAT#EER
O(N(n* + log,N)) (21)
HET , AP BR(S) Wy E] 52 2% B2 Ry
O(N log,s(n* + log,N)) (22))
(3) SEHprB

FHXT 22 B R L A I TR B2 2 BE A O (Vs ) o
Z5 I, InRMRSEC B3k 1 B ] &2 24 B oy
O(N(T, +n* +log,N +log,s(n* +log,N) +5))
(23)
#t—2, logys > 1,s T log,N } n R
FAXE/INEE, 2 (23) T — 2 A R
O(N(T, + log,s(n’* + log,N))) (24)

3 LBAT

3.1 ETRAESHIE
SRR SCEE o g 4 R RS P AR, K L S 4R
BT B4y 2 88 (ALL) (B FHE/F (MRMCEP™ ) |

HF B (MCAST ) HF 4k (BGASEC™ ) (41

PEVEAR UM 2RAR HEAT LR . SR BHEAE N 10 2R
H T UCH Bl > 408 e i i 48, Bk 2 800
1w,

Xf T — DR, 5 SEH A MinMax 15 —4k
e A BRI B[ 0,1 ] ARRIH A S 2, SE5G
Hi#% I 25 100 A~ 5 ] & AL ('support vector ma-
chine,SVM ) . K #14[$ ( k-nearest neighbor, KNN, BX &k
=5) IR 2% I [6] {5 4 1 22 M 4% (error back propaga-
tion neural network , BP) Fll C4. 5 PR ME L2
%, BREET AR 7 ¥ B 3 N SR R P FE e 7 26
A BN, HoA 7 vk B R BUOMUARER =2 T 10, R AR 3C
Frf@ 07 1 SRk 4 T RHEAT OB

F1 KBRS
eI LGS FEAR  FRERL RBIEL
1 Sonar 208 60 2
2 Tonosphere 351 34 2
3 WDBC 569 30 2
4 WBC 683 9 2
5 Diabetes 768 2
6 Ecoli 336 8
7 Balance Scale 625 4 3
8 Vehicle 846 18 4
9 Vowel 990 13 11
10 CMC 1473 9 3

3.2 SEEMELRER

R T IR TSR, SLg bR TR X
IR RS A R MEHR 2, JE R AT ¢ A 3R B
fEEEHR 0.95 By EAE X VN Ao R UER REE R

F2AH T HNAKI N SVM BT R4k
455, InRMRSEC R RAE 7 4G 5 ik B i
EL R 3 AR T O IRE, IR R R
e 3P IR LS SE ARy BP BAUIN (O HERA R, BT
PR SE L T 7R 8 AN EE AR R M R A L 1
BB oK BE R, H i 7E Diabetes 48 48 1
TR 22 0 1 (B ORE BEAT R R o (RIS, 7E 3 4 4
£ b BRI HE e A% (ALL) BER FRmE & T3k
PEVEER LI 264N o 1A TR AN W] sk S /e 5K
PEER BIEPE T R TUARTE P AR 2 T R R R A
SRR SRR 2 (BB R R E ,
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FT A 3 KA EAE B AR, 3R 4 PSSR
JEFEFLSTIEAR N 5-NN i 15 2 Y, 763X — 2R AR AL
ImRMRSEC FJUERSHRTE 8 MR 4R th i , Ho , 78
Balance Scale Fl1 Tonosphere ${#84E I it 5 3% 5 5
TR T 145 2 1) ME 2248 (], (H B (5 X A 5
Vo 5 4l TR RARIN C4. 5 PREM I Y 4326

100, InRMRSEC {USEHE T 7 6 MR 4 RS JE i
B H B BRI R B o TS UER R E , A3
TR 2R kL 7 b 4 X IR, 11 4 A3t
AR bR R 8 S 3 E, InRMRSEC A ¢
F- ALL .MRMCEP MCAS .BGASEC 4} 3|4 12.63% .
7.14% 3.65% .6.22% (L35 .

K2 ESEB[ASVMBEFESXEMERERFER0.95 WERFXE

- S FE AR B
ALL MRMCEP MCAS BGASEC ImRMRSEC
1 0.6585 £0.0986 0.6341 £0.1127 0.6585 £0.1156 0.6585 £0.0648 0.6829 +0.1256
2 0.9049 +£0.0342 0.9429 0. 0428 0.9317 £0.0333 0.9143 £0.0232 0.9585 £0. 0410
3 0.9235 £0.0349 0.9646 +0.0339 0.9646 +0.0426 0.9566 +0.0390 0.9735 £0. 0415
4 0.9355 £0.0139 0.9562 +£0.0199 0.9562 +0.0190 0.9277 £0.0153 0.9635 +0.0228
5 0.7255 £0.0263 0.7382 £0.0562 0.7451 £0.0303 0.7712 £0. 0279 0.7582 £0.0266
6 0.8064 +0.0463 0.8507 £0.0746 0.8722 +0.0598 0.8657 £0.0537 0.8806 +0. 0440
7 0.8960 +£0.0237 0.9440 £0.0340 0.9520 +0. 0186 0.9440 £0.0243 0.9442 +0.0257
8 0.8000 £0.0185 0.8059 £0.0261 0.8118 £0.0346 0.8118 £0.0340 0.8176 £0. 0339
9 0.9588 £0.0232 0.9697 +0.0181 0.9647 £0.0174 0.9596 £0.0232 0.9747 £0. 0223
10 0.6898 £0.0216 0.6796 +0.0241 0.7000 £0.0221 0.7170 £0. 0182 0.7007 £0.0261
SEHE 0.8299 0. 8486 0.8557 0.8526 0.8654
%3 EHRBENBPHEFENXERERERENS 0.95 HEERE
. i A Sl S
ALL MRMCEP MCAS BGASEC ImRMRSEC
1 0.8049 £0.0348 0.8049 £0.0657 0.8024 +£0.0700 0.7561 +£0.0573 0.8293 +0. 0257
2 0.9296 +0.0403 0.9286 +0.0380 0.9143 +£0.0350 0.8714 £0.0460 0.9437 £0.0278
3 0.9646 +0.0294 0.9646 +0.0294 0.9703 £0.0412 0.9735 £0. 0302 0.9735 £0.0182
4 0.9624 £0.0271 0.9600 +0.0238 0.9708 +£0.0201 0.9635 £0.0308 0.9837 £0. 0271
5 0.7974 £0.0392 0.7683 +0.0288 0.7778 £0.0297 0.8170 £0. 0522 0.7843 £0.0354
6 0.6866 £0.0657 0.6567 +£0.0739 0.7015 £0.0944 0.7164 £0.0870 0.7463 +0.0736
T 0.8160 +£0.0448 0.8162 +0.0374 0.8162 +0.0403 0.8160 £0.0416 0.8240 +0. 0448
8 0.7471 £0.0237 0.7586 +0.0283 0.7586 +0.0205 0.7647 £0.0193 0.7706 £0.0218
9 0.6192 £0.0429 0.6798 £0.0219 0.7202 £0. 0385 0.6394 +0.0369 0.6949 +£0.0462
10 0.6503 £0.0673 0.6537 £0.0704 0.6503 £0.0500 0.6776 £0.0551 0.7082 £0. 0535
SEHME 0.7978 0.7991 0.8082 0.7996 0. 8259
£4 EHERBEHSNNHEFENLABEREEEH 0.95 WEERE
} HEFE PSR IR M B
e ALL MRMCEP MCAS BGASEC ImRMRSEC
1 0.6829 +0.0871 0.6829 +0.0601 0.7561 £0.0544 0.7805 £0.0870 0.7815 £0.0714
2 0.8429 +0.0523 0.8429 +0.0362 0.8714 £0. 0596 0.8571 £0.0405 0.8714 £0. 0640
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(8i524)
3 0.9295 +0.0284 0.9646 +0.0284 0.9558 +0. 0285 0.9340 +0. 0204 0.9680 +0.0390
4 0.9040 +0.0271 0.9635 +0.0269 0.9660 +0. 0204 0.9560 +£0.0178 0.9708 +0. 0220
5 0.7255 +0.0221 0.7451 £0.0134 0.7386 +0.0346 0.7320 £0.0117 0.7516 +0.0377
6 0.8720 +£0.0338 0.8806 +0.0389 0.8895 +0.0458 0. 8800 +0.0486 0.8955 +0. 0307
7 0.8080 +0.0410 0. 8320 +0. 0505 0.8400 +0.0194 0. 8240 +0. 0406 0.8400 +0. 0215
8 0.6529 £0.0362 0.6529 +0.0336 0.6765 £0.0316 0.6588 +0.0380 0.6824 +0. 0381
9 0.8535 £0.0297 0.8939 +0.0395 0. 8889 +0. 0444 0.8636 +0.0509 0.8788 +0.0522
10 0.6966 +0.0122 0.6966 +0.0371 0.7136 +0.0196 0.7034 +£0.0276 0.7102 £0. 0204
SEXME 0.7968 0. 8155 0. 8296 0.8189 0.8350
RS BEDEBH AS REWHR A ESLXEBEREFESN0.95S HEFXE
- EREEAR IR SR
ALL MRMCEP MCAS BGASEC ImRMRSEC
1 0.7561 +0.0480 0.7317 £0. 0808 0.7317 £0. 0623 0.7561 +0.0366 0.7805 +0.0739
2 0.9155 +0.0491 0.9296 +0.0555 0.9429 +0. 0446 0.9296 +0.0356 0.9437 +0. 0463
3 0.9292 +0.0388 0.9292 +0.0389 0.9381 +0.0381 0.9558 +0.0317 0.9430 +0.0370
4 0.9280 +0.0172 0.9416 +0.0255 0.9420 £0. 0251 0.9377 £0.0275 0.9489 +0. 0269
5 0.7712 £0. 0328 0.7974 +£0.0550 0.7974 £0. 0636 0.8039 +0.0573 0.8012 £0.0411
6 0.8507 =0.0591 0.8793 +0.0423 0.8806 £0.0623 0. 8806 =0.0500 0.8955 +0. 0636
7 0.7600 +0.0089 0.7760 +0.0276 0.8240 +0. 0229 0.8080 +0. 0446 0.7600 +0. 0222
8 0.6588 +0.0415 0.6706 +0.0361 0.6765 +0. 0447 0.6529 +0.0539 0.6765 £0.0417
9 0.7108 £0. 0442 0.7525 +£0.0440 0.7273 £0.0309 0.7273 £0.0205 0.7626 +0.0236
10 0.7000 0. 0326 0.7340 +0.0341 0.7272 £0.0321 0.7034 +0.0349 0.7136 £0.0348
SEE 0.7980 0.8142 0.8188 0.8155 0.8225

6~ K9 SRS T ES AN SVM BP # R AHE F T AEAT X B J5 5 9 win/tie/los Gt}
Z M4 5-NN 1 C4.5 JRIERIES,5 RIOTIRAERTAE  Z56 ros, SOOI 5 B0 07 8 09 Pk BB HE P KK
PEAE B iRZE A, /A, r RoRBRITHE T ES) ImRMRSEC, MCAS | BGASEC , MRMCEP, ALL, [d]
Xof 7 ¥k B R 2 LA B(E S BT 0 B SRR i, AERME Al UL, InRMRSEC 5 4 Fftf H 3619 r
ZILPPEER R s R ITHs BT SIxE  EB/NF 1, WAl UiBH ImRMRSEC 5328 PERE R

F6 EHZEPEHSVM HEHEIRELLR

SVM
RS
MRMCEP MCAS BGASEC ImRMRSEC

ALL r 0.7535 0.7408 0.8273 0.6452
s 8/0/2 9/1/0 8/1/1 10/0/0
0.9831 1.0979 0. 8563

MRMCEP
g 6/2/2 5/1/4 10/0/0
1.1167 0.8710

MCAS

s 2/2/6 9/0/1
0.7799

BGASEC
s 8/0/2
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R7T ESEFAHBPHEFEHRELE

BP
RS
MRMCEP MCAS BGASEC ImRMRSEC
ALL r 1.0071 0.9483 1.0097 0. 8045
s 3/3/4 5/2/3 7/1/2 9/0/1
r 0.9416 1.0026 0.7988
MRMCEP
s 5/2/3 6/1/3 10/0/0
r 1.0648 0.8483
MCAS
s 5/1/4 9/0/1
r 0.7967
BGASEC
s 8/1/1
*8 ESLEIEASNNHEHERELER
5-NN
Rk
MRMCEP MCAS BGASEC ImRMRSEC
ALL r 0.7981 0.7595 0.8525 0.7145
s 6/4/0 10/0/0 10/0/0 10/0/0
T 0.9517 1.0682 0. 8953
MRMCEP
s 6/0/4 4/0/6 9/0/1
r 1.1224 0.9407
MCAS
s 9/0/1 6/2/2
r 0.8381
BGASEC
8 10/0/0

R9 ENLEIFAH CA5 AEMBHEFTEFRELR

C4.5
Bk
MRMCEP MCAS BGASEC ImRMRSEC
ALL r 0.9038 0. 8599 0. 8648 0. 8298
s 8/1/1 9/0/1 8/1/1 9/1/0
r 0.9514 0.9568 0.9181
MRMCEP
s 6/2/2 5/1/4 8/0/2
r 1. 0057 0. 9650
MCAS
s 8/2/5 T2
r 0.9515
BGASEC
s 7/0/3
F10 BHHREBEFHFELILER
ALL MRMCEP MCAS BGASEC ImRMRSEC
SVM 4.6 3.45 255 I | 1.3
BP 3.8 8.7 3.15 3 1.35
KNN 4.8 8.1 2.2 3.5 1.4
Cc4.5 4.55 3.2 2.55 2.9 1.8
BIE 4.44 3.36 2.61 313 1.46
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3.3 EZERMEHEK

N T KR P 2R A SX R R R AA B
F#£5 5] A Friedman ;56 Fll Nemenyi J5 56, Fried-
man A% 15 Se iR R OT I A B A B 5 BB
FPAH , SR B (B, PRI 7 R X (AR
[7] b A REAH ] o

R 10 451 T 5 MO FE K 4 Ry
Kein T EFRHFESE, ATREH,S Frkm
S P E A AR, B F T B i RE B A

FIFH Nemenyi 5 I8 3k i — & X 43 &% 7 ¥,
Nemenyi J5 %48 ) , AT i F B P HZ Z R T
I AE CD W HBA BEER, mAEN

CD = q, /’“(’“6—];1) (25)

Hrp, k=5 HEREHITER, N =10 HEHEED
0, a =0.05, #r“The Studentized Range Statistic” 3&
5 q005s = 1.860, M CD = 1.315,

HiZ: 10 A %1, InRMRSEC 5 ALL. MRMCEP.
MCAS .BGASEC [ E P EZ 224358 2. 98 1.9,
1.15.1. 67, T 5 MCAS W, ¥y Kk F ¢D, H 5
MCAS B ZE (8 1T I 56, DR G AS SR A4 S 1 2
S HAILA 2R R Z MRS B L EA BE %
biil8
3.4 EfTHTEIEEER

F TS R v HA o BB 5 AR ST A A g
IY AT 732 A WY TEBE BT BOAR ], BT LATE XS FE
RLAE DI INRE E U TE e B B, R, SE 3
T FR RN FESR FH A SRR IE , T2 e 8% 70% #EA I
GRAE ,30% FEABIN AR , 1C AR R 373 2R AR AR A
A ITETEA B b BCSE G BT AR ], 4R JE 3K
HA T EETE 4 R Jr SE A BB 1 - X5 AT ],
iR 11 fis,

Hi# 11 Al LI, BGASEC #& 3Rl iR £, iX
J2 TR AL A SR A 5 % R R )P 24 ok 1) 52 4
J3E 2 ) REU AL A i £k 7 s MRMCEP BT #6 3¢ i [A] ¢
/b, ImRMRSEC W2, & 27 EEFHTET Im-
RMRSEC 7E#8 R J5 =0 E3k#E T SFFS, 34 /n 17— ¢
AEEERTT . AHELZ T, ImRMRSEC 3§41 1 i 8] 2
e H S RMER WA BT T .

F11 BHRBITHRIBEILLE( BGL:s)

42 MRMCEP  MCAS  BGASEC ImRMRSEC
1 5.2 19.4 108.3 6.4
2 10.2 297 191.4 171
3 65.6 96.3 1147.4 88.2
4 84.9 133.1 1544.8 105.4
5 101.5 195.8 1918.9 117.7
6 7.3 21.9 146.1 10.9
7 68.6 99.6 1305.7 84.6
8 120. 5 214.9 2070.1 135.7
9 154.5 210.0 2676.6 174.9
10 324.6 572.6 6794.9 387.2

Sy 94.3 159.1 1790. 4 112.8

4

ARSCHIEE T —Fh 3 T 20t mRMR A 28 261 4R
oS, 7 InRMRSEC,, 5 A e AR A i 4R
BT FE Iy 2RAS Y T AR L, Rt 4R o3 26 48 v
AR R FESE I [E] B D, A SRR I i SRR A
Kt/ INTCAREN T B HA T A L, EEARHAAE T
FIASFEHr B IEAS 1] B AT HEBR TG & TTAR B2 , [+)
P S Al 1) e P07 1 95 A THBR 1 R[] 25 4% L B
BN BER i By, — B 0 4 TR TR LT 4R
ik ; A, BB AR O RO S A5 R AR B2
TR, 50T T4 75 6 7 R 22 B se i p A T oA 75
5 I 2 MR A HE RS I P BIE I

S 3k
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Selective ensemble classifier based on improved maximum
relevance and minimum redundancy

WU Qiannan, YAN Xuefeng
(Key Laboratory of Advanced Control and Optimization for Chemical Processes of Ministry of Education,
East China University of Science and Technology, Shanghai 200237)
Abstract

When constructing selective ensemble classifiers, it is important to find the optimal subset of classifiers with
high accuracy and large differences. In order to balance the accuracy and diversity of base classifiers in the ensem-
ble subset, an improved maximum relevance and minimum redundancy (mRMR) -based selective ensemble classifi-
er (ImMRMRSEC) is proposed. Firstly, the prediction of base classifiers on the verification sets are regarded as fea-
tures, and the idea of feature selection is extended to ensemble pruning. Secondly, the equivalent vector of a fea-
ture obtained by Gram-Schmidt orthogonalization is used as the input of mRMR instead of the original vector, and
the correlation is measured based on the distance correlation coefficient. Meanwhile, the sequence floating forward
selection method is used to search for the optimal subset. The experimental results fully demonstrate the excellent
design performance of the constructed classifier.

Key words: selective ensemble, maximum relevance and minimum redundancy (mRMR) , feature selection

method, orthogonalization, distance correlation coefficient ( DCC)





